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Overview

ÅMotivation:

1. Many materials lack high 
quality total cross section 
measurements in the 0.5 
meV ï1 eV required for 
accurate thermal 
scattering kernels.

2. This region needs 
evaluation as thermal 
scattering can have up 
to a 12% effect on the 
neutron multiplication 
factor of a system.

ÅProposed Work:

1. Design and develop cold moderator capability for use in moderating neutrons to the sub-
thermal region.

2. Obtain more accurate data for polystyrene, polyethylene (and YHx) in 0.5 meV ï1 eV region.
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Influential Work (Cold Moderator)

ÅBariloche has previously experimentally shown the effectiveness of 
their cold moderator at enhancing sub-thermal neutron flux.

ÅSuccessful cold moderators rely on a high hydrogen density, 
typically found in methane, liquid hydrogen and mesitylene.

Thermal Peak

[L. Torres et al. ñDesign of a Cold-Neutron Source for the BarilocheLINAC with Solid Mesitylene as Moderator Material.òPhysicaB: Condensed Matter, 

North-Holland, 24 July 2006]
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Which moderator to use?

Å Solid Methane/Liquid Hydrogen: 
ï - Extremely hazardous 
ï + Highest sub-thermal neutron yield
ï - Phase change

Å Solid Mesitylene:
ï - Hazardous
ï + High yield
ï - Crystalline phase change

Å Polyethylene (HDPE)
ï + Safe
ï + Good yield
ï + No phase change Č Consistent 

Å Light Water
ï + Safe
ï - Lower yield
ï - Phase change

[A. Tartaglioneet al 2013 JINST 8 P11009]
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Preliminary Experiment Setup
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Designed as Enhanced Thermal Target (ETT) Add-On
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Preliminary Experiment Results

ÅSuccessful prediction of experimental results ïsome differences between evaluations

ÅCooling polyethylene to 77K achieved gain of 6 over 293K @ 0.002 eV

ÅGain increases as temperature drops 

ÅNOTE: Gain here is only due to temperature changes in the Polyethylene



nacThe Gaerttner LINAC Center

Page 6 of 13

Design Specifications

Å Neutronics:

ï Polyethylene

Å Large enough to cover collimation 

Å As close to source of neutrons as 
possible 

Å As cold as possible in a consistent 
fashion 

ï Maximize gain over ETT alone

Å Metric: Integral counts in 1 ï5 meV
range

Å Thermal/System:

ï HDPE

Å < 30 K w/ 1.5 kW on target

Å Good connection to cryostat

ï System

Å Long cold finger Č protect cold head

Å Large cold finger cross-sectional area

Å Portable; Minimal material; Can 
withstand Hi-Vac

Å Single Stage Cryo-cooler
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Finalized Design

0.32 W Deposited

0.34 W 

Deposited
Copper Cold Finger

Aluminum 

Housing

Polyethylene

Internal 

Aluminum 

Plate

Average Temperature of Polyethylene: 17.3 K @ 1.5 kW

21.5 K @ 10 kW

*Assumed only 60% thermal contactÅ Poly < 30 K

Å Poly as close to ETT 

as possible

ÅMinimal material 

surrounding Poly

ÅCold Head far away 

from target

Neutrons

Neutrons
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Design Choice

5/8ò Lead + 1.5 

cm poly pre-

moderator

e-beam

Neutrons
Cold 

Poly

Design I
Å Safer Č no changing of pre-
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Å Higher Gain Č achieved through moving Pb 
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4 cm poly

Neutrons

Pb Downstream



nacThe Gaerttner LINAC Center

Page 9 of 13

NJOY Calculation of Gain (Over ETT Alone)

ÅBoth Design I and Design II provide significant gain over the ETT

ÅDesign II Gain shows dramatic improvement over Design I
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Cold Moderator

Poly capable of 

reaching 20 K

Cryostat rolls in 

front of ETT 


